Introduction
Pyrazole chemically known as 1,2-diazole has become a popular topic due to its manifold uses. The chemistry of pyrazolone and its derivatives is particularly interesting because of their potential application in medicinal chemistry as analgesic (GÜrsoy et al., 2000; Amir et al., 2008) , anti-inflammatory (Satyanarayana and Rao, 1995) , antipyretic (Manna et al., 1992) , antiparasitic (Kuettel et al., 2007) , antimalarial (Kativar et al., 2005) , antifungal (Bekhit and Fahmy, 2003) and enzyme inhibitory agents (Regan et al., 2003; Li et al., 2004 and Dolle et al., 1994) . As an example, edaravone (3-methyl-1-phenyl-2-pyrazolin-5-one, 1a) has been recently shown to produce marked attenuation of brain damage caused by ischemia-reperfusion (Anzai et al., 2004) and its pharmacological actions were attributed to its anti-oxidant activity, as a potent hydroxyl radical scavenger (Parmar et al., 1999) . The useful properties of pyrazole derivatives as insecticides, fungicides and sedatives drew attention of many investigators. Earlier experiments showed that pyrazole derivatives can be used as blood platelet aggregation inhibitor. That is pyrazole and its derivatives are clearly important in the field of enzyme inhibition. Selvam et al. (2006) showed that brominated derivatives are strikingly cytotoxic and possess more bioactivity. position of the phenyl ring. This result is not consistent with the reported work of Elguero et al., 1984 . So, the bromination on some of the pyrazoline-5-one derivatives (Scheme 1) was taken for investigation. Hence the results of bromination on the active methylene group of ethyl acetoacetate followed by the ring-closure reaction with hydrazine and hydrazine derivatives leading to the pyrazolone ring are reported along with its cytotoxicity studies.
Materials and Methods
The melting points of the synthesized compounds were recorded by thin disc method on a Fischer Jonhns electro -thermal melting point apparatus. Infrared spectra were recorded on DR-8001, Shimadzu FT-IR spectrophotometer, 1 H-NMR spectra on a WP-400 NMR spectrophotometer using tetramethylsilane as internal standard. Mass spectra were obtained on a Kratas MS-25 using DH-88 data system. Three active methylene compounds (1a-c) were prepared by condensation of ethylacetoacetate and hydrazine and its derivatives in moderate yields (Scheme 1). Bromination was carried out on these three products (1a-c) by following the standard procedure of Elguero et al., 1984 and dibromo (2a and 2d) , tribromo (2d), tetrabromo (2c) along with a side product (2d-1) were obtained. Compound 2d was also prepared by an alternative method as shown in Scheme 2. Here bromination was carried out first on ethylacetoacetate to get 
General procedure for the preparation of 5-methyl-2,4dihydro-pyrazol-3-ones, (1a-c)
Ethylacetoacetate was taken in a around bottomed flask and hydrazine hydrate and its derivatives were added to the flask dropwise with constant stirring at room temperature whereupon a vigorous reaction set in. A precipitate was formed quickly. As the reaction was exothermic, the reaction mixture was allowed to cool at room temperature. The resulting precipitate was collected by filtration. The crude product (1.5 g) was purified by recrystalization. The products were identified by spectroscopic techniques.
General procedure for the preparation of 4,4-dibromo-5 -methyl-2,4-dihydro-pyrazol-3-ones, (2a-2d)
Compound 1a-1c were taken in a round-bottomed flask and dissolved in water (300 cm 3 ). Bromine (15 cm 3 ) was added to the solution from dropping funnel whereupon a vigorous reaction set in. After hydrogen bromide had ceased to evolve, the solid product was isolated by suction, washed with water several times and recrystallized from petroleum ether (60-80°C) to give crystals of 2a-2d. During the Bromination of 1c an unexpected byproduct was found from column chromatographic separation as the second fraction which lowers the % of yield of our main product, 2d. The products were identified by spectroscopic techniques.
Preparation of 2,2-dibromo-3-oxo-butyric acid ethyl ester, 3
Ethylacetoacetate (14.5123 g, 0.1209 mmol) was taken in a two-necked round bottomed flask and dissolved in ethanol (15 mL). 2-3 drops of aqueous solution of FeCl3 was added to the stirred solution which produced deep violet-red coloration. 100 mL of water was added to it with constant stirring. To this solution Br2/H2O was added from a dropping funnel until the deep violet-red color was just disappeared. Upon standing the deep violet-red color was reappeared. This process was continued until the deep red-violet coloration was disappeared permanently. Some excess amount of Br2/ H2O was added with constant stirring for 0.5 hour.
Then the excess amount of Br2 was removed by adding 5% aqueous solution of NaHSO3. Compound 3 was extracted by chloroform and was pale yellow colored liquid (Scheme 2).
Preparation of 4,4-dibromo-2-(dinitro-phenyl)-5methyl-2,4-dihydro-pyrazol-3-one, 2d
A mixture of compound 3 (0.0500 g, 0.1737 mmol) and an equivalent amount of 2,4-dinitrophenyl hydrazine (0.0344 g, 0.1737 mmol) was taken in a 100 mL two necked quick-fit round-bottomed flask and was refluxed in an oil-bath for 3.5 hours. The color of the reaction mixture was changed to deep red during the reflux period. The reaction mixture was allowed to cool at room temperature and was kept overnight to be precipitated out. Then the reaction mixture was treated with water, immediately brown solid came out. The crude product was purified by recrystalization from chloroform that gave brown crystalline solid of 2c; m.p. 120-121°C; yield 0.0641g (88%), Rf 0.65 (PE:EA, 4:1). The product was characterized spectroscopically (Scheme 2).
Preparation of 4,4-dibromo-5-bromomethyl-2-(2,4dinitrophenyl)-2,4-dihydro-pyrazol-3-one, 2e
N-bromosuccinimide, NBS (3.57 g, 0.0201 mol) in anhydrous DMSO (15 mL) was added slowly to the stirred solution of the compound 1c (7.3495 g, 0.0278 mol) in anhydrous DMSO (5 ml) under an inert atmosphere. The solution was stirred at 60°C for 6 hours under an ambient pressure to give a red solution.
After hydrogen bromide had ceased to evolve, the red solution was hydrolyzed with water, whereupon the solid product isolated. After hydrolysis the compound 2e was isolated by filtration and washed several times with water and dried by suction (Scheme 3). The crude product was purified by recrystalization from dichloromethane that gave red powdered solid of 2e.
The product was characterized spectroscopically.
Demonstration of cytotoxicity
The cytotoxicity study of the synthesized compounds 1a, 1b, 1c, 2a, 2b, 2c, 2d, 2d-1, 2e and 3 was investigated on brine shrimp as a test organism for convenience (Solis et al., 1993) . 1.6 mg of each of the compounds was taken in the corresponding sample vials with 1.6 mL of dimethyl sulfoxide to prepare stock solution. From this stock solution 33, 99, 132 and 165 ppm of each compounds were placed in separate test tubes by micro syringe 1 mL of extra dimethyl sulfoxide was given in each test tube with 10-12 brine shrimp. After 1, 2, 3 and 4 hours the test tubes were observed and the number of survived naupli in each test tube was counted and results were noted. From this the percentage of lethality of brine shrimp naupli was calculated at each concentration for each sample. Then graphs are drawn by plotting percentage of lethality of brine shrimp versus doses (in ppm) of the synthesized compounds which gave rise to the IC50 (inhibitory concentration-50) values of the corresponding compounds ( Figure 1 ). IC50 of an agent is the dose which will inactive 50% of the test animal.
Results
The formations of the new compounds were ensured by its several physical constants, such as melting temperature (°C), Rf values and color. However, the introduction of bromine atoms into the pyrazolone ring was identified by chemical method. Finally, the structures of the compounds were determined by the spectroscopic methods.
Physical constants gave the preliminary idea about the formation of new compounds. These constants are given here as a tabular form (Table I) . Lassaigene test was performed on each of the synthesized compounds to detect the upcoming Bromine atoms. The results of the chemical tests are given bellow (Table II) The comparative IC50 values of the synthesized compounds are shown bellow.
According to the IC50 values the compounds are remarked as very highly active (IC50<19), highly active (19< IC50<29), weakly active (29< IC50<39), less active (39< IC50<69) and inactive (69< IC50). Figure 2 represents the comparative IC50 values of the synthesized compounds (1a, 1b, 1c, 2a, 2b, 2c, 2d, 2d-1,  2e and 3) and Table III indicates the remarks about the cytotoxicity.
Discussion
After performing the bioassay of the synthesized molecules, it was found that the terminal methyl group is necessary for its activity. When the compounds 1a, 1b and 1c were brominated the activity of the molecule was increased. The activity was further increased when two nitro-groups were introduced in the benzene moiety in ortho-and para-position.
Hence the terminal methyl chain should be undisturbed to show fruit-full bioactivity. According to Regan et al. 2003 the terminal small alkyl chains are sterically fit into the lipophilic active pocket of the enzyme. It is also proved by the present work. When the terminal methyl group is disturbed by introducing a bulky group-Br, the activity (hence IC50) reduces by 3 to 5. Thus when the methyl side chain at position 5 was monobrominated along with the bromination (in 2c-2) at the active methylene group (position 4), the activity was decreased remarkably. Thus the methyl side chain, brominated active methylene group (position 4) and the two nitro-groups containing phenyl ring in the pyrazolone ring are very important to show biological activity.
The present studies agree with the earlier experiments. Jiang et al. (1990) showed that 2-styrylquinazolin-4(3H)ones have potential antimitotic anticancer activity. Their extensive structure activity relationship (SAR) studies suggested that the entire quinazolinone was required but activity was further enhanced by introducing halide group into the 4 position of pyrazole ring. The present findings are also consistent with this literature. But in the case of compound 2e in which the methyl side chain is also brominated showed lower activity. On the other hand, Elzein et al., 2004 showed that alkyl group on pyrazole ring substantially increase its activity as selective adenosine A(3) receptor. Furthermore, Ikeda et al., 1996 and Huang et al., 1992 showed that methyl group is necessary for the binding of drug through the lipophilic domain of the enzymes. Thus the methyl group on 5 position of pyrazolone ring should be unsubstantiated for showing bioactivity.
Besides, extensive SAR studies showed that the benzene ring of the 5-methyl-2-phenyl-2,4-dihydropyrazol-3-one should be substituted by -Br or -NO2 group to show better activity.
